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NBS-LASL RACETRACK MICROTRON

S. Penner, P. H. Oebenh.w!, D. .
f

Green, E. R. Llndstrom, O. L. Mohr, and M. A. D. Wilson,
National Bureau of Standards,* Washington, OC 20234

L. M. Young, T. J. Boyd, E. A. Kn: p, J. M. Potter, O. A. Shenson, and Pi J. Tallerico,
Los Alamos Scientific Laboratory, !LOSAl~S, NM 87545 USA

ABSTRACT

The NBS-LASL racetrack microtron (RTM) is a joint project of the
National Bureau of Standards (NBS) and the LOS Alanos Scientific
Laboratory (LASL), This 1s a new accelerator research proJect whose
goal is to determine the feasibility of building a high-energy,
hlgis-current, cw electron accelerd’cor using beam recirculation and
rocm-t~erature rf acceleration structures. The NBS-LASL RTM is
being designed and built to de~elop the required technology for d
]drge national 1 to 2 GeV cw accelerator for nuclear physics research
.dnd to prove experimentally that high currents can be accelerated
successfully in an RTM. Sme of the parmneters of the NBS-LASL RTM
are 185 fleV final energy, 550 UA maximum current, 15 passes, 12 MeV
one-pass energy gain, and 2380 MHz frequency. One 450 kW cw klystron
WIII supply rf pwer to both the 5 MeV injector and the 12 MeV llnac
in the RTM,

1. INTROPULTION

In principle, the electrorndgnetlc interaction is the idedl

studying nuclear structure becduse it is wedk and well understood,

electronucledr and photonucledr ‘“cJctions hd$ ~.ontrlbuted gredtly

nuc Iei. Nevertheless, electron accelerators dre relatively llttle

dncl hedvy lon mdchlnes, ]drgely becduse it i5 difficult to perform

experimental tool for

[n fact, the study of

to our under<’.mdlng of

USed ccmpdltti to proton

experin’ents with el~c-

trons or

sections

most exl

,ng poss

thdt WI

photons. These difficulties arise fran the small size of electrcmnagnetlc cro$s

Lhe unaval Idbility Of ~nOen@rgetlC photon SOUrCeS, and the poor duty cycle nf

ting electron dccelerdtors. Recent technological ddVdIIC@S have ra!$ed the Pxclt-

blllty that new types of electron accelerators can be built, dt acceptnbl~ CO$!,

1 provide high-current, continuous-dut.y (thdt is, cw) ●lectron b~~$, Lhll$

dllevlatlnq the experimental dlfflcultles mntloned dbove.

The titiS-LASl rdC@trdCk microtron illustrat~ In Fig. I is Pdr! of an acccler,qtor

f’P\l]dl’ChpruJl?Lt whose goal IS to determine the feds lblllty of building d I to ? GrV,

lw:, duty Cy(.te electron dcce]erdtor thdt can qenerdtc dt least 10(),,A1’7), If ICI

qultP ~l~df’ lhd~ the least e~ensivc tc~elprdtor rfpsign tha! ( an achieve the;r pisr~ctcrf

1$ LIIP rdcptrack M!crotron, or sllni]ar device, fn whlrh thp beam is rt=circulatprl thrmlqh

th~ fmw dccelet’dtlr,g structure many times,

H(, llv$lglled ?-:e RTM to be a\ applicable a> posliblv to thl) ] tO ? tiPV mhchlnp. Th@

\pPl If ! chotcv o! th~ 2,MILI HH/ operating rf fr~quency wd$ dictated by thr [i@$lr@ to

pIuvld{, frultlplc, ,,lmultaneous, iligh-current beams to sev~rdl u$ers hy fubharirx)nlc rf

;plltting dnd by the ~onmrcidl avai]dbility of a high-powr (450 kki) rh ly;tr[~n, ThP

Ii *V one.pasf ●nergy gain, which r~quirps a mdgnetlc ffeld of about 1 T lhe ?nti

A) _.— — ________

Work suppurtcd in part by the OIv IsiorI of f!u~l~ar Physics, [)Ppartnwnt of [nerqy,
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Fig. 1. NBS-LASL Racetrack Microtron (15 passes, 12 MeV/pass, 185 MeV).

magnets, 1s essentially one-fmrth of the optimum energy gail per pass of a hi!~h-energy

double-sided mlcrotron and thus serves ds d prototype accelerating module. T?e final

185 MeV beam energy IS estimated to be near the injection energy required by a hig$-energy

double-sided microtron; thus the RTfl serves as a prototype of the injector needed by the

larger machine.

We halve chosen room-temperature rf decelerating structure over superconducting struc-

ture for thu reasons. First, a large amouIIL of rf powr is required to provide t!e hpam

pwer in a high-current accelerator; thus room-temperature accelerating structures can

halve IIhigh (rf to beam) po~~r Conversion efficiency. Second, the current in a microtron

IS expected 10 be Iimlted by beam blowup caused by excitation of transverse rf rroclesh,y

the hem, bk expect the Iimlt!ng current to be inversely proportional 10 the quallty

fd~t~r, L), of the responsible rf nmde> w~l inversely proportional to thp numhvr of

PMSL’,J’4). Bccdusc the U-values are Substdntldl]y smdl]e!’ in a room-temperature rf

dccelerdtlng structure than In d supercond(jctlng cne, a much high~r current Iimlt if

obt~ln,lblc with a rcm)m tempordture >tructure,

r!, INJICTION SYSttM—- —— ..-—

ih~ ln]cctlon :yslem nust pti,vlilr d LW electron beam to !he microtroll with lhII

followlnq speclficdtluns:

,. lhv lllJeLtlOllenergy ~st be - 5 MPV.

i, Ihe Injected ~urrent must be continuously ddjustab]e fran lero to ().6 mA.

J . A pI~lsud beam nulc IISJStbe available for tL\cup and dfagno{tlcf with d 40 n~

FUHM pulse Ieoyth, which Is shorter than th~ mlcrotron’s circulation lime,

4. lh~ nurmllzed Lrarlsverso emlttanco Imlst be ( 5W mrn,mrdd,

!), Ihc lonyltu~ilnal mnlttancr muit hr < 70. k~V,dt!qrm~,



3

The injection s.+stem will consist of a 100 kV electron gun, an rf chopper-buncher

system, a 2 MeV rf capture section, an rf prrlccelerator section for an additional 3 MeV

energy gain. and a beam-transport system to csrry the 5 MeV beam to the microtrcn. The

electron gun will have 6 modulating anode for current control. The high voltage will be

applied between the grwnded final anode ant’ the cathode, so that the control voltage

applied to the modulating anode does not affec” the beam energy. A pulser located in the

high voltage terminal will provide the pulsing capahiliti~s specified ai~ove.

The rf chopper-buncher systen consists of a

selecting apertdre, magnetic focusing lenses,

bunched beam proceeds to the rf ~dpture section

3. MICROTRON OESIGN

In an RTM5), the beam is returned to tne

pair of rf chop~er cavit~~s, a phase-

and an rf buncher cavity. The chopPed,

where acceleration begins.

accelerating section by uniform field end

magnets, as shown in Fig, 1. On su~cessive passes, the beam must pass through the accel-

erating section at the same s,vnchonous phdse, ~r, cf the rf field. This resonance con-

dition can be expressed by the relatiorl6)

(~n/C).AVOC05 dr m vAt! . (])

where aVO cos Or is the resonance dnergy gain per pass, i is the rf free-space

tivelength (12.5963 cm), B is the end-magnet field strength, and . the harmonic nunber.

He have chosen to use v = 2, which makes ‘he ‘,pacing cet~en successive return paths

d- VA/n - 8.019 CM (when B = 1, the electror, .eloclty in units of c). This spacing is

sufficient to allow installation of independent steerlna and focusing elements on each

return path. rhe major disadvantage of u . 2 cunpa, ed to v . 1 ~$ the red~ced longitu-

dinal phase acceptance of the WM. Because of this, w will strive to keup the

longitudinal emittance of the injected hewn well ult4in the design specification of

201 keV.degrees. He will use a reverse return after the first pass through the main

accelerating section. The second an, subsequent D?sses will be In the opposite direction

frcmn the first pask+, Sufflc lent fo~uslng for the first tw passes will be provided on thr

accelerator axis, Aereas later passes will ha.e focusing on the returl, paths, Extraction

can be accnnpltshed after any rlumb~r of Passes by d ~vdb(e kicker magnet on the return

paths. The kicker r?.agnetdeflects the be~ onto a conmn exiractlon pa:h frm any return

Ilne.

The transport system needed to tpar,:fer tht? beam from the ,njector lU the microtron

musL b? a very high- qual]ty achrunatl: systsn, The systan chosen coflsists of two 90.

deflection achrunatic subsystems fn scrips so that the f~ll ]80” sy~tem is filso achro.

matl~. T!]e first 90” subsysten has a quadruple singlet at the Ccnt?r and twu dipolr

magnets, each providing a 45” deflection of th~ beam, The second subsystem if similar to

the first except that each 45” bend is accanpltshed by a pair of magnets, with on!}

providing II ]5” deflection and the oth?r providing a 30” deflection, This nmdlfication

is usd because the final mgnet that prr?vldes a 15” deflection is also one of the three

inJectlon chicane magnets.
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The diagnostic information i,eeded to adjust the triinsport system will be obtained

from instrumentation packages located on the axes of the injector and mlcrotron linacs.

These packages will contain phosphor view screens, wire scanners, and rf cavities for

measuring x and y transverse position, rf phase, and bean rurrent. Phosphor view screens

●nd wire scdn,,ers will be placed on the return lines near each end of the microtron. The

rf position, phase, and beefn-current sensors placed on the axis of the microtro,l lin~c

will use the pulsed beam fsr Obtdining Joslt ion, phase, and beam-current information ror

each pass. The be#n pulse is shorter than the circumference of one pass through the

microtron, thus the beam pulse produces a train of pulses in the rf sensors, each pulse

corresponding to one pass through the microtron.

4. DISK-AND-HASHER ACCELERATING STRUCTIJRE

The RTM contains three rf accelerating seciinns: the capture section and preaccel-

eratur sections of the injtctor linac, and the main accelerating section of the microtron.

The rf accelerator structure will be the disk-and-qasher (DAN) linac structure with

T-shaped washer su~orts that is being developed at the Los Alanos Scientific Laboratory
7)for both electron and proton accelerator application . The DAW i$ a $tanding-wave

structure that provides efficient acceleration of particles with B > 0.5. The field

distribution in the structure is extremely stable as a result of the large cell-to-cell

coupling aIId the characteristic of the -/2 operating mcde. Figure 2 shows the DAW struc-

ture with the washers supported in pairs frun four T-shap~ supports. The radial portion

of these supports lies along an equipotential of the acce?erdting mode, and the longitu-

dinal portion of these supports lies in a region of low electric field. Consequ~ntly,

this type of support minimizes the perturbation of the acceleratin~ mode. How?ver, these

supports significantly perturb the coupling mode, Left uncompensated, these pcrturbdtions

would open a stop-bred iII the mode spectrun and create a bilevel distribution in the

excitation of the accelerating cel!s, Fortunately, by experimenting with the georwtry of

1.SUPPORT

7

,,,. / WASHER /

Fig, 2, Dfsk mnd Uaiher lirtac Structure,
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a low-puwer test section, a technique has been developd to count~ract these perturba-

tions. The geometry of the DAW (without washtr supports) was optimized with the aid of

the cmnputer progran SUPERFISH. (This program can calculate the resonant electromagnetic

modes in an rf cavity with cylindrical symmetry.) The perturbations causal by the

ports are Counteracted by a cut-and-fit procedure in which the disks, on which

T-shaped su~orts are mounted, are made thinner, and the radius of the outer wall cf

cavities 1S made larger.

sup-

the

the

In addition to supporting the washers, the supports provide channels for carrying

c~olaflt to and frcrn the washers. Tne practical limit for cooling the 2380 MHz OAW $truc-

ttire is - 25 kH/m. An cffectlve shunt impedance of - 100 M::/m appears to be attainable

in the B - 1 structure and will result in an accel~ratiny gradient > 1.5 MV/m. Thus, the

main accelerator section will be - 8 m long to prr~ide the 12 tieV energy gain required by

the design parameters. The injector linac will consist of - 4 m of LIAW structu;-e, The

first Z m section IS d capture section t;,at will increase th? beam energy from 100 keV to

2$0 tkv. In the capture section, the lengths of the rf cavities i,lcrease SmOOtbly to

match the increasing electron velocity (from n = 0.55 tu 6 = 0.98). The second 2 m sec..

tion is the preaccelerator section that accelerates the bean to the microtron injection

energy of - 5 lleV. The construction of the 7 m preaccelercto. section w1ll be undertaken

dS soon as the de;ails of the washer supports and the canpens,l lion for the perturbations

‘hey prcduce is finailzed, A low-power test section is pre,ently being studied. The

tests of th~ 2 m preaccelerator section will det~rmine the cooling caDaci\y and mrlti-

pactorlng properties of the DAU structure.

● ● ●
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